Methicillin-resistant Staphylococcus aureus (MRSA) bloodstream infections (BSI) are classified epidemiologically as health careassociated hospital onset (HAHO)-, health care-associated community onset (HACO)-, or community-associated (CA)-MRSA. Clinical and molecular differences between HAHO-and HACO-MRSA BSI are not well known. Thus, we evaluated clinical and molecular characteristics of MRSA BSI to determine if distinct features are associated with HAHO-or HACO-MRSA strains. Molecular genotyping and medical record reviews were conducted on 282 MRSA BSI isolates from January 2007 to December 2009. MRSA classifications were 38% HAHO-, 54% HACO-, and 8% CA-MRSA. Comparing patients with HAHO-MRSA to those with HACO-MRSA, HAHO-MRSA patients had significantly higher rates of malignancy, surgery, recent invasive devices, and mortality and longer hospital stays. Patients with HACO-MRSA were more likely to have a history of renal failure, hemodialysis, residence in a long-term-care facility, long-term invasive devices, and higher rate of MRSA relapse. Distinct MRSA molecular strain differences also were seen between HAHO-MRSA (60% staphylococcal cassette chromosome mec type II [SCCmec II], 30% SCCmec III, and 9% SCCmec IV) and HACO-MRSA (47% SCCmec II, 35% SCCmec III, and 16% SCCmec IV) (P < 0.001). In summary, our study reveals significant clinical and molecular differences between patients with HAHO-and HACO-MRSA BSI. In order to decrease rates of MRSA infection, preventive efforts need to be directed toward patients in the community with health care-associated risk factors in addition to inpatient infection control. KB. 2015 . Molecular and clinical characteristics of hospital and community onset methicillin-resistant Staphylococcus aureus strains associated with bloodstream infections. a The total number of patients evaluated was 282. A total of 56 patients died.
M ethicillin-resistant Staphylococcus aureus (MRSA) is an important cause of health care-associated (HA) and community-associated (CA) infection (1) . Patients with previous or ongoing health care exposure who develop MRSA infection can be further classified as health care-associated hospital onset (HAHO) or health care-associated community onset (HACO) infections. The HAHO infections develop in the hospital, and the HACO infections develop in the community.
Historically, HA-MRSA and CA-MRSA could be clearly distinguished by clinical characteristics, antibiotic resistance patterns, and molecular typing (2) . Well-described HA-MRSA risk factors for infection include a history of hospitalization, intravenous catheters, previous MRSA infections, residence in a long-termcare facility (LTCF), or surgery (3) . CA-MRSA strains were detected mostly in younger patients, often associated with skin and soft-tissue infections, and tended to be less resistant to non-␤lactam antibiotics (2) . In the United States, the major genotype for HA-MRSA is pulsed-field gel electrophoresis (PFGE) USA100, clonal complex 5 (CC5), and staphylococcal cassette chromosome mec type II (SCCmec II), and for CA-MRSA the major genotype is PFGE USA300, CC8, and SCCmec IV (4) . Recently, genotyping studies have shown that traditional CA-MRSA strains are increasingly associated with infections in hospitals, and conversely, traditional HA-MRSA strains have been reported in community patients with no HA risk factors (2, 5, 6) . Genotyping studies also have shown that certain strains of S. aureus may be more likely to cause invasive infections or bacteremia than colonization (7) .
Since 2005, the Emerging Infection Program-Active Bacterial Core surveillance system (EIP-ABCs) of the Centers for Disease Control and Prevention (CDC) has been tracking MRSA infec-tions in 9 U.S. cities and estimating the national burden of invasive MRSA infections (8, 9) . From 2005 to 2011, the total number of MRSA invasive infections has decreased, but the proportion of community onset infections has increased since 2011 (8) . Of the estimated 80,461 invasive MRSA infections that occurred in the United States in 2011, 18% were HAHO-MRSA, 60% were HACO-MRSA, and 21% were CA-MRSA (8, 10) . MRSA bloodstream infection (BSI) has been the largest category of invasive MRSA disease, comprising 80% of the infections in 2011 (7, 8, 10) .
As described above, distinct clinical and molecular differences between HA-MRSA and CA-MRSA BSI have been shown, but very little is known regarding differences between HAHO-and HACO-MRSA BSI. Several important questions arise. Are there distinct clinical features that differentiate between MRSA BSI strains associated with HAHO-and HACO-MRSA cases not previously recognized, and are these clinical traits due to distinct molecular differences between the MRSA strains? In our current study, we attempt to address these questions by characterizing a cohort of MRSA BSI cases by combining traditional clinical and epidemiologic tools with rigorous molecular analysis using several independent methods.
(The manuscript was presented in part at the 49th Annual Meeting of the Infectious Diseases Society of America, Boston, MA, 20 -23 October 2011 [11] .)
MATERIALS AND METHODS
Study design, data collection, and definitions. Retrospective medical record review was conducted on unique patients with MRSA BSI from 1 January 2007 to 31 December 2009 at The Wexner Medical Center of The Ohio State University (OSUWMC). MRSA BSI is defined as any patient with one or more positive MRSA blood cultures. Data collection and genotyping was conducted only on the first isolate. Clinical data collected included demographic information, past medical history, laboratory drug susceptibility data, and HA risk factors in the 12 months preceding the MRSA-positive culture. We also collected data on the presence of any invasive device in the last 7 days preceding the MRSA-positive culture. Outcomes were categorized as cure (complete resolution after antimicrobial drug treatment), failure (persistence of infection and change in antimicrobial drug regimen), relapse/recurrence (redevelopment of MRSA at any site after completion of MRSA treatment), indeterminate (unknown outcome), and death (death due to any cause Ͻ30 days after the diagnosis of MRSA BSI or if the patient was never discharged from the hospital). Collected data were entered into a secure database within the OSUWMC Information Warehouse (IW) as previously described (12) .
Classification of MRSA infections. All MRSA BSI cases were classified into three categories: HAHO-, HACO-, and CA-MRSA (9) . HAHO-MRSA BSI is defined by positive culture obtained Ͼ48 h after admission. HACO-MRSA is defined by positive blood culture obtained Ͻ48 h after admission in a patient with one or more HA risk factors as described above. CA-MRSA is defined by positive blood culture obtained Ͻ48 h after admission in a patient without HA risk factors.
MRSA isolate testing. (i) Drug susceptibility testing. The OSUWMC Clinical Microbiology Laboratory identified all MRSA isolates using standard microbiological methods (13) . Antimicrobial drug susceptibility testing was performed using the semiautomated MicroScan method (Siemens Diagnostics, Sacramento, CA, USA) using the PROMPT inoculation method. The following drugs and concentrations (g/ml) were tested: cefazolin (4 to 16), clindamycin (0.5 to 4), daptomycin (0.5 to 4), erythromycin (0.5 to 4), gentamicin (4 to 8), linezolid (1 to 4), oxacillin (0.25 to 2), tetracycline (4 to 8), trimethoprim/SXT (0.5/9.5 to 2/38), and vancomycin (0.25 to 16). For clindamycin, only constitutive testing was performed. A linezolid MIC of Ͼ4 mg/liter was confirmed using the Etest method (bioMérieux, Marcy l'Etoile, France), and results were interpreted according to Clinical and Laboratory Standards Institute guidelines (13) .
(ii) Genotyping. All of the MRSA isolates were genotyped by SCCmec typing and repetitive element PCR (rep-PCR). spa typing and PFGE were performed on selected isolates. Testing methods are briefly described below.
(iii) SCCmec typing and mecA confirmation. The presence of the mecA gene and SCCmec typing was established using a modified multiplex PCR (14) . DNA was extracted by heating a bacterial suspension (100 l) at 95°C for 7 min (15) . A PCR mix with a final volume of 25 l contained 2 l of DNA template and 12.5 l of 2ϫ multiplex PCR master mix (Qiagen, Foster City, CA), including HotStartTaq polymerase, 3 mM MgCl 2 , and deoxynucleoside triphosphates (dNTPs), was prepared for each isolate. Primer concentrations were doubled from those previously reported to increase the sensitivity of the assay (14) . All assays were performed in a gradient thermocycler (Eppendorf, Hamburg, Germany) using the following conditions: 95°C for 15 min; 35 cycles of 94°C for 30 s, 57°C for 90 s, and 72°C for 90 s; and a final extension of 72°C for 10 min. PCR prod-ucts were resolved in a 3% Seakem LE (Cambrex) agarose gel with 1ϫ Tris-acetate-EDTA buffer (Promega Corporation) at 100 V for 2 h and were visualized with ethidium bromide.
(iv) rep-PCR. The DiversiLab system (bioMérieux, Durham, NC, USA) is a rapid, standardized, commercially available rep-PCR system for genotyping. rep-PCR analysis was performed in accordance with methods previously described (16) . Each new rep-PCR pattern identified was given a sequential numeric identifier to document the specific strain pattern that was unique to our institution. Unlike PFGE, there is no nationally or internationally recognized rep-PCR pattern number for specific MRSA strains. Per the manufacturer's specifications, isolates are designated the same rep-PCR strain pattern if the strains share Ͼ95% similarity and are indistinguishable (no band/peak difference) by graph overlay function (17) . A cluster is defined as two or more isolates of the same rep-PCR strain pattern.
(v) spa typing. spa typing (18) was performed by using eGenomics software (www.egenomics.com) as described previously (19) . Ridom spa types subsequently were assigned using the spaServer website (www .spaserver.ridom.de). Clonal complex (CC) was inferred from the spa type (19) .
(vi) PFGE. PFGE was performed on at least one representative MRSA isolate from each rep-PCR pattern. The PFGE method used has been described previously (12) . PFGE type also was inferred from other isolates in the DiversiLab rep-PCR library, which contains PFGE and SCCmec genotype results for some previously characterized rep-PCR patterns.
Statistical analysis. All patient demographic, clinical, and molecular typing data were entered in tabular format, and descriptive statistics were generated and analyzed using Minitab Statistical Software, version 16 (Minitab Inc.). Differences among HAHO-, HACO-, and CA-MRSA were examined using 2 tests for categorical variables, analysis of variance (ANOVA) for continuous variables, or Kruskal-Wallis test for variables that do not follow a normal distribution. The odds ratio (OR) of death for each one of the risk factors measured here and their corresponding 95% confidence intervals (CIs) were estimated based on binary logistic regression analysis.
Human subject protection. The study was approved by the Biomedical Institutional Review Board of the OSU Office of Responsible Research Practices.
RESULTS

Patient characteristics.
A total of 282 patients with MRSA BSI were identified during the study period: 106 (38%) HAHO-, 153 (54%) HACO-, and 23 (8%) CA-MRSA patients. Clinical characteristics of health care-and community-associated infections are shown in Table 1 : 60% (170) of the patients were male, and 73% (206) were white. Patients with HAHO-MRSA had significant history of malignancy, surgery in the past 12 months, invasive devices within 7 days, admission to a surgical service, and longer length of hospital stay. Patients with HACO-MRSA had a higher proportion of renal failure, hemodialysis, residence in an LTCF, invasive devices in the past 12 months, and higher recurrent/relapse of infection and were more likely to be on the medical services (Table 1).
A total of 56 deaths occurred, yielding an overall case fatality rate of 20% (56/282). The proportion of fatality was significantly higher in patients with HAHO-MRSA (28%; 30/106) than in patients with HACO-MRSA (16%; 25/153) or CA-MRSA (4%; 1/23) (P ϭ 0.009). For the comparison of HA-MRSA risk factors to patient fatality, the presence of invasive devices was significantly associated with an increased odds of death for individuals with HA-MRSA infections (OR, 1.99; 95% CI, 1.09 to 3.63) ( Table 2) .
Drug susceptibility. Comparisons of drug susceptibility for HAHO-, HACO-, and CA-MRSA are shown in Fig. 1 . All of the isolates were susceptible to vancomycin, with a range from 1 g/ml to Յ2 g/ml. Of the 248 isolates tested for linezolid, two were nonsusceptible, with a MIC of Ͼ4 mg/liter. Of the 241 isolates tested for daptomycin, two were nonsusceptible, with a MIC of 4 mg/liter, and one was nonsusceptible, with a MIC of 2 mg/ liter. MRSA isolates that were not susceptible to linezolid and daptomycin were all in the HACO-MRSA BSI patients ( Fig. 1 ). Comparison of drug susceptibility by SCCmec type is shown in Fig. 2 . Increase drug resistance is seen in SCCmec III to all oral antibiotics and gentamicin as previously described (12) . Molecular typing. (i) SCCmec type. The 282 isolates were distributed into 5 different SCCmec types: SCCmec II (140; 50%), SCCmec IV (104; 37%), SCCmec III (35; 12%), SCCmec VIII (2; 1%), and SCCmec V (1; Ͻ1%). Table 3 shows the clinical characteristics of the subjects stratified by major SCCmec types. The SCCmec type distribution of HAHO-MRSA strains was SCCmec type II (64/106; 60%), SCCmec IV (32/106; 30%), and SCCmec III (10/106; 9.4%). Similarly, the majority of HACO-MRSA strains also were SCCmec II (72/153; 47%), followed by SCCmec IV (53/ 153; 35%) and SCCmec III (25/153; 16%). All SCCmec III patients had either HAHO-or HACO-MRSA. Among patients with SCCmec type II, significant characteristics included a history of chronic lung disease, hospitalization, invasive devices, surgery, and residence in an LTCF in the past 12 months and recent central catheters. Among patients with SCCmec type III, a higher proportion had HACO-MRSA (25/35; 71%). SCCmec type III patients also had significantly higher proportions of previous hospitalization, invasive devices, previous MRSA infections, and history of parenteral nutrition than patients with SCCmec II or SCCmec IV. Mortality rates were higher for SCCmec II and III, and a higher recurrence/relapse rate was seen for SCCmec III.
(ii) rep-PCR and PFGE types. The isolates were distributed into 52 different rep-PCR patterns, with 91% (258) clustered into 28 distinct rep-PCR patterns (range, 2 to 38 isolates per pattern). A total of 262 isolates were characterized by spa typing. Thirtyfour spa types, including 2 new spa types, were identified. spa type 2 (002), which most frequently is associated with HA-MRSA infection, was the most common spa type for both HAHO-MRSA (50/106, 47%) and HACO-MRSA (60/153, 39%). Increased spa type variability was seen in some rep-PCR patterns. Table 5 lists spa types with clusters of three or more isolates per spa type (229 isolates total).
DISCUSSION
This study adds to our current understanding of the molecular epidemiology of MRSA transmission by demonstrating additional distinctive clinical and molecular differences between HAHOand HACO-MRSA cases that occur in the hospital and community setting in patients with HA risk factors. Similar to other published results, our study also demonstrated a higher proportion of HACO-MRSA than HAHO-MRSA and CA-MRSA BSI. The HA risk factors identified also were similar to previously published data (7, 20) . Patients with HACO-MRSA had a constellation of risk factors (hemodialysis, residence in LTCF, and invasive devices in the past 12 months) which could create a predisposition to MRSA acquisition in a community, albeit health care-associated, environment. HAHO-MRSA patients had characteristics that could predispose them to infections while hospitalized (surgery, recent invasive devices, and longer hospital stays). Although others have indicated community strains have become the predominant strain in their hospital setting (1, 6) , the majority of the patients with MRSA BSI in our population had a history of health care exposure with traditional hospital strains.
The data outlined in our study support the premise that there are molecular differences between the strains, beyond risk factors and traditional clinical characterization, that also account for the evolving distribution of hospital and community onset invasive strains. SCCmec typing and phylogenetic analysis have been shown to be better indicators of differentiating between HA-MRSA and CA-MRSA than traditional demographic data and risk factors (21, 22) . As expected, SCCmec type IV was highly associated with CA-MRSA BSI in our analysis (Table 3 ). In this study, the SCCmec type IV isolates also accounted for a large number of HACO-and HAHO-MRSA infections. Similar observations were made by Kuo et al., where patients had SCCmec IV HACO-MRSA infections (20) .
We noted the history of invasive device varied from 39% to 57% in SCCmec type comparisons but was 20% to 63% for rep-PCR strain patterns. Studies also have shown that MRSA strains with increased biofilm-forming capacity are seen in patients with (22) invasive lines (23) . The analysis of biofilm capacity and the presence of other virulent factors between rep-PCR strains need to be evaluated to determine if they account for the variation in distribution in patients with invasive medical devices.
MRSA BSI in dialysis patients is an important concern, since an estimated 12,823 MRSA BSI occurred among dialysis patients in the United States in 2011 (8, 10, 24) . The majority of the hemodialysis patients were community onset with a history of hospitalization in the prior year (24, 25) . In a multivariate analysis, chronic renal failure was identified as a significant factor in HACO-MRSA BSI cases (26) . Our data also showed that patients with HACO-MRSA had significantly higher incidences of renal failure and hemodialysis. Fortunately, hemodialysis was not a significant factor associated with mortality (P ϭ 0.071; OR, 1.86; CI, 0.95 to 3.65) ( Table 2 ). Molecular strain differences of SCCmec types between HA-MRSA and CA-MRSA have been observed (24, 26) . We did not observe differences in hemodialysis patients in SCCmec type comparisons, but there were differences among rep-PCR patterns ranging from 0 to 44%. It is unknown if certain strains are more common in hemodialysis units and lead to HA infections, or if particular strains are more likely to cause skin colonization and predispose the patients who are colonized with a particular strain to develop infection. History of prior colonization and hospitalization are risk factors for the development of invasive MRSA infections (24, 27) . There were a total of 56 patients with a history of hemodialysis in the past 12 months. Of these patients, 17 had a history of MRSA infection or colonization; 3/17 were HA-MRSA and 14/17 were HACO-MRSA. Only 19/56 hemodialysis patients had a documented prior MRSA screen in the past 12 months.
The length of stay was significantly longer for HAHO-MRSA and shorter for HACO-MRSA-related BSIs (P Ͻ 0.001), but no significant difference was seen in the length of hospitalization by SCCmec type (Tables 1 and 3 ). It is unknown if patients with HAHO-MRSA were colonized with the MRSA strain prior to their hospitalization, or if MRSA was acquired in the hospital. It has been reported that patients are more likely to develop infection if they are colonized (27) , but it also has been shown that despite colonization, some strains may be less likely to cause invasive disease (28) .
ST239 MRSA-SCCmec III strain types are common worldwide but are rare in the United States (12). We have recently described an ST239 strain associated with increased mortality and morbidity in Ohio (12) . In comparing SCCmec III to SCCmec types II and IV, we found significant differences. Patients with SCCmec III were more likely to have prior colonization and higher rates of prior hospitalization, hemodialysis, and parenteral nutrition. Clinically, these patients had higher recurrence and relapse, which likely contributed to the history of prior hospitalization. Interestingly, none of the SCCmec III patients had CA-MRSA. Therefore, it appears that ST239 (SCCmec type III) is only health care associated.
rep-PCR is a rapid alternative method for sequence typing (17) . The rep-PCR method may offer a different stratification than PFGE, SCCmec, and spa types for MRSA classification, HA risk factors, and outcomes (Tables 4 and 5 ). Interestingly, some rep-PCR patterns in the PFGE100 group appear more like those of community strains (patient characteristics, drug susceptibility testing, and outcome). Some strains, such as rep-PCR strain types 6, 29, 52, and 63 (Table 4 ), appear to have a higher proportion of The study is limited due to the geographic location of our patient population. MRSA strains may differ from other institutions in other parts of the United States and globally. Geographically varied rates of S. aureus bacteremia were observed between five academic centers in the United States; however, similar to our study, the overall rates of HACO-MRSA BSI was higher than that for HAHO-MRSA BSI (29) . Additional limitations of our study include the lack of biofilm and virulence testing to determine if mortality outcome was influenced by these factors. We also do not know the patients' prior antibiotic usage with respect to drug susceptibility. In addition, patient outcomes were not complete, with indeterminate outcomes due to lack of follow-up information for patients transferred back to their outlying facility or community for local follow-up.
This study does highlight the potential differences between strain types, which may be inherent strain characteristics in addition to health care-associated risk factors that predispose patients to infection. Complete sequence analysis may further define strain characteristics. Additional virulence studies of the strain types also may be able to elucidate key gene combinations that are clinically and phenotypically distinct. Such studies are planned or are under way by our research group.
Conclusion. The majority of patients with MRSA BSI in our analysis had a history of health care exposure. Significant clinical and molecular differences were seen between patients with HAHO-and HACO-MRSA. In order to decrease rates of MRSA infection, better efforts are needed to identify patients with particular risk factors for developing MRSA BSI. The increased HACO-MRSA invasive infections stresses the importance of preventive efforts directed toward patients in the community with health care-associated risk factors, as well as continued focus on infection control practices in the hospital setting. More discriminatory genotyping and additional virulence studies may assist in identifying strains that may be amenable to targeted infection control and treatment interventions.
